We apply our self-corisistent, all-electron, spin-polarized Green s-function method within an impurity-centered, dynamic basis set to study the interstitial iron impurity in silicon. We use two different formulations of the interelectron interactions: the local-spin-density (LSD) formalism and the self-interaction-corrected (SIC) local-spin-density (SIC-LSD) formalism. We find that the SIC-LSD approach is needed to obtain the correct high- ionic crystals, and (v) some related speculation about the mechanism of (Fe +/Fe +) oxidationreduction ionizations in heme proteins and electron-transporting biological systems.
I. EXPERIMENTAL CHARACTERISTICS OF Si:Fe
Iron is a low-solubility ' (1.5&(10' cm at 1200 C), fast-diffusing (D-4&&10 cm /sec at 1100 C) impurity in silicon, with a low distribution coefficient (-6&& 10 ) . It is present even in as-grown material and is thought to have a controlling effect on thermally induced defects in quenched silicon. ' Even minute cantamination by Fe ( -10' cm ) are known to have a considerable effect (-50%%uo) on the silicon solar cell's efficiency. Deep-level transient spectroscopy (DLTS) measurements have first identified an E(0/+) donor level (a Fe~Fe+ transition) at E"+0. 45 eV, or E, +0.43 eV, or E"+0. 46 eV, ' where E, is the valence-band maximum; however, when the temperature dependence of the (hole) capture cross section has been taken into account, ,the value turned out to be E"+0. 385+0 ' it was not identified directly. ' EPR data' "" '8 for the neutral center show a distinct spectra due to interstitial Fe with a g factor of g =2.070
and spin S = 1. The EPR parameters for the Fe centers in Si are summarized in Table I . ' Analysis of the data'
shows that the impurity hyperfine field (147.6 kG [Ref. 18(b) 
II. DUALITY OF Si:Fe WITH RESPECT TO LOCALIZATION
The experimental data on Si:Fe paradoxically suggest both a model of a covalently delocalized impurity and its opposite: that of an atomically localized impurity. Arguing for the former, we note the following. First, the impurity hyperfine field Hhg and the contact spin density' "" ' ' 5p(0) at the nucleus of Si:Fe are reduced by 43% relative to the free-atom value (using the calculated Hartree-Fock value of Fe, d ), whereas these quantities for Fe in ionic solids are close to the free-ion values. A similar conclusion is apparent from a recent electronnuclear double-resonance experiment, ' which shows the spin density to be expanded at least up to the fifth Si shell surrounding the impurity. Second, as noted by Ludwig and Woodbury, ' ' 
Here, I'&l' and I'l' ' are the impurity and host radial orbitals of Eqs. (4) and (2) G(e)=G (e)+6 (e)(5U)6(e) .
In this equation, the one-to-one correspondence of the basis function in 6(e) 
The normalization condition of Eq. (17) 
where pz is the electron Bohr magneton, and 5p (0) The main contributions to the hyperfine field of a magnetic impurity are (i) the contribution from the Fermi contact interaction (including Fermi direct contact interaction and core polarization), (ii) the contribution from the interaction with the orbital magnetic moment of the electrons, and (iii) the contribution from the dipole-dipole interaction. Contribution (iii) is usually as small as a few kilogauss (kG), and will be ignored here. The hyperfine field from the contribution (i), H'"'f, is related to the spin density at the nucleus" 5p(0) by~V (shaded) . We note that ImG, , '(e) [solid lines in Fig. 2 . '', ' (e). Figure 8 shows the phase shifts 5f(e) given by Eq. (19) in the LSD formalism. Figure 9 shows 
